Polyoma virus and cyclic AMP-mediated control of dihydrofolate reductase mRNA abundance in methotrexate-resistant mouse fibroblasts.
As a model cell culture system for studying polyoma-mediated control of host gene expression, we isolated methotrexate-resistant 3T6 cells in which one of the virus-induced enzymes, dihydrofolate reductase, is a major cellular protein. In highly methotrexate-resistant cell lines dihydrofolate reductase synthesis accounts for over 10% that of soluble portein, corresponding to an increase of approximately 100-fold over the level in parental cells. This increase in dihydrofolate reductase synthesis is due to a corresponding increase in the abundance of dihydrofolate reductase mRNA and gene sequences. We have used these cells to show that infection with polyoma virus results in a 4- to 5-fold increase in the relative rate of dihydrofolate reductase synthesis and a corresponding increase in dihydrofolate reductase mRNA abundance. The increase in dihydrofolate reductase synthesis begins 15 to 20 h after infection and continues to increase until cell lysis. These observations represent the first direct evidence that viral infection of eukaryotic cells results in the increased synthesis of a specific cellular enzyme and an increase in the abundance of a specific cellular mRNA. In order to gain additional insight into the control of dihydrofolate reductase synthesis we examined other parameters affecting dihydrofolate reductase synthesis. We found that the addition of fresh serum to stationary phase cells results in a 2-fold stimulation of dihydrofolate reductase synthesis, beginning 10 to 12 h after serum addition. Serum stimulation of dihydrofolate reductase synthesis is completely inhibited by the presence of dibutyryl cyclic AMP as well as by theophylline or prostaglandin E1, compounds which cause an increase in intracellular cyclic AMP levels. In fact, the presence of dibutyryl cyclic AMP and theophylline results in a 2- to 3-fold decrease in the rate of dihydrofolate reductase synthesis and the abundance of dihydrofolate reductase mRNA. However, in contrast to the effect on serum stimulation, dibutyryl cyclic AMP and theophylline do not inhibit polyoma virus induction of dihydrofolate reductase synthesis or dihydrofolate reductase mRNA levels. These observations suggest that dihydrofolate reductase gene expression is controlled by at least two regulatory pathways: one involving serum that is blocked by high levels of cyclic AMP and another involving polyoma induction that is not inhibited by cyclic AMP.